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Abstract 
Pollen grains of Malva sylvestris and Hibiscus syriacus were partially degraded with 2-aminoethanol for 
durations of 30 minutes. 1,5, 10 and 24 hours. Results of the light microscopic observations on these pollen 
grains have been published by KEDVES et al. (2003). The present study is based on scanning electron micro-
scopic observations and provides new data on the morphological alterations and the superficial degradation of 
these pollen grains at fine structure level. The differences in degree of alterations on sculpture, ectexine, 
spines and thick foot layer with respect to resistance and susceptibility of the sporopollenin have also been 
discussed. 
Based on these data, it is concluded that the pollen grains of Malva sylvestris are comparatively more sen-
sitive than that of Hibiscus syriacus, as these show less response to 2-aminoethanol treatment. 
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Introduction 
During earlier studies (KEDVES et al., 2 0 0 3 ) the results on light microscopic observa-
tions of the partially degraded pollen grains of Malva sylvestris and Althaea officinalis 
were explained. Using the data of such studies, more detailed observations based on 
scanning electron microscopy of the superficial alterations caused by 2-aminoethanol for 
the periods of 30 minutes, 1,5, 10 and 24 hours are illustrated here. 
R O W L E Y and PRUANTO ( 1 9 7 7 ) published TEM data on experimentally altered exine 
of Malvaceae pollen. DENIZOT ( 1 9 7 8 ) studied effect of ethanolamine on the exine and 
sculpture under various durations on the pollen grains of Malva sylvestris. She observed 
a little alteration in the exinal sculpture of these pollen grains. 
Morphological changes caused by 2-aminoethanol illustrated with SEM enable us 
to ascertain the differences in alterations and also the comparison of morphological fea-
tures of both species. Comparison of non-altered, semi-altered and altered characters in 
these pollen ascertains degree of suceptibility of different ectexinal layers and differen-
tial behaviour of sporopollenin with 2-aminoethanol. These phenomena may vary with 
respect to the morphological structures as well as the pollen types. 
Materials and Methods 
The pollen material for these studies was collected in Szeged, September, 2002. The experiments with 
2-aminoethanol were conducted in the Cell Biological and Evolutionary Micropaleontological Laboratory of 
the University of Szeged and SEM observations were made at Birbal Sahni Institute of Palaeobotany 
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Lucknow by using standard dehydration and preparation techniques. The present investigation is based on the 
earlier descriptions and methods used by KEDVES et al. (2003). The present study allows generation of more 
detailed data on changes in shape, size as well as the exinal features including spines and collumellae. In 
addition to these, the response on ectexinal characters, partial or severe alterations in pollen grains by 2-
aminoethanol at 30°C for 30 minutes, 1, 5, 10 and 24 hours are described. 
Results 
Malva sylvestris LINN. (Plate 7.1., figs. 1-7, plate 7.2. and plate 7.3., figs. 1-6) 
1. Fresh pollen grains (Plate 7.1., figs. 1,2). Amb circular, radially symmetrical, sphe-
roidal. Size 80-95 pm. Exine ± smooth-echinate, spines 6-8 pm long, smooth, conical 
with pointed tips. 
2. After 30 minutes of dissolution with 2-aminoethanol deformation in morphological 
features of the pollen grains are clearly distinct (Plate 7.1., figs. 3-5) and depressions at 
several places are common. The exoapertures (colpi) are clearly visible. In some pollen 
grains tectum gets completely dissolved and fibrillar structures attached with few spines 
at certain places forming net or exoskeleton are clearly visible (Plate 7.1., fig. 4). The 
exinal stratification showing distinct columellar elements with minor corrosion in outer 
spinal layer is noticed (Plate 7.1., fig. 5 and magnified photo, plate 7.2.). It is observed 
that the outer and inner part of the endoaperture is not identical. This kind of endopore 
was observed earlier by DENIZOT (1978) in Malva sylvestris LINN., CULHANE and 
BLACKMORE (1988), Alcea rosea LINN., Althaea officinalis LINN., LA SERNA RAMOS 
and DOMINGUEZ SANTANA (1991) and in two varieties of Lavatera acerifolia. In Malva 
alcea CULHANE and BLACKMORE (1988) observed that the outer and inner perforations 
of the foot layer are of equal diameter. 
3. After one hour of treatment (Plate 7.1., figs. 6,7) more alterations were observed 
on the exinal surfaces with dissolutions and depressions in the tectum. The dissolution of 
tectum resulted in the uncovering of infratectal elements and free columellar ends at 
their upper surface are noticed. The endoaperture is unaltered and distinct between inter-
columellar structures. The spines get detached at several places and infratectal layer 
also gets affected (Plate 7.1., fig. 7). 
4. Five hours of treatment resulted in rupturing of pollen grains with detachment of ma-
ximum number of spines as well as tectal layer (Plate 7.3., figs. 1,2). Dissolution of tectum 
caused liberation of columellae at upper surface as observed in the previous experiment. 
Endoapertures clearly visible, partial degradation in infratectal layer also noticed. 
5. The effect of 2-aminoethanol after 10 hours (Plate 7.3., figs. 3,4) resulted in de-
formation in exinal sculpture with dissolution of ectexinal surface to some extent, e.g. 
tectum is completely dissolved, upper part of columellae is also severely affected, 
maximum number of columellae are dissolved at their upper surfaces, thinning of spines 
and rupturing of the grain is usual. 
6. Maximum degradation in morphology of the pollen grains is clearly visible after 24 
hours of treatment with 2-aminoethanol (Plate 7.3., figs. 5,6). The inffasculptural elements 
are coalesced with each other due to their severe dissolution. The columellae and spines 
dissolved and appeared like gemmae or bulging structures or sometimes completely dis-





Hibiscus syriacus LINN. (Plate 7.4., figs. 1-6 and plate 7.5., figs. 1-6) 
1. Fresh pollen grains: amb circular, radially symmetrical, spheroidal in shape. Size 
80-110 pm. Spinose, spines 15-20 pm long, conical with blunt tips, polypontoporoidate. 
Exine granulate at interspinal and interapertural regions. Tectum perforate, mucilage 
around the apertures are visible (Plate 7.4., figs. 1,2). 
2. After treatment with 2-aminoethanol for 30 minutes the deformation in the entire 
grain is noticed, depressions or shrinkage at several places are common. The apertures 
become distinct and mucilage disappeared (Plate 7.4., figs. 3,4). 
3. The degradation after one hour caused further depressions and changes in the ba-
sic morphology of the pollen grains. Surface of tectum is same as in the previous one, 
but sometimes more bluntness in the tip of the spines is noticed (Plate 7.4., figs. 5,6). 
4. Different kind of characteristic deformations are caused by five hours of treatment. 
Severe depressions at several places in pollen grains are common in highly shrunk 
grains. Spines are sometimes embedded or maybe detach from their base, the perforation 
of the tectum is very characteristic and exoapertures are also deformed or depressed 
(Plate 7.5., figs. 1,2). 
5. After ten hours more deformations were observed as various secondary features, 
outer morphology appears like triradiate forms, some spines become sinuosus. The tec-
tum shows differential depressions (Plate 7.5., figs. 3,4). 
6. Treatment with 2-aminoethanol for 24 hours caused different kind of deformations 
in secondary features, such as depressions in tectal regions, detachment of spines and 
enlargement of sculptural structures at interspinal spaces and around the base of the 
spines (Plate 7.5., figs. 5,6). 
Plate 7.1. 
1 -7. Malva sylvestris LINN. 
1-2. Fresh pollen grains. 
3-5. Pollen grains partially degraded with 2-aminoethanol for 30 minutes. 4. Please note the fibrillar network. 
5. Change in ectexinal layers and thinning of spines. 
6-7. Pollen grains partially degraded with 2-aminoethanol for 1 hour. 6. Shrinking of pollen grains. 7. Disso-
lution of tectum and detachment of spines. 
Plate 7.2. 
Malva sylvestris LINN. Highly magnified picture of Plate 7.1., fig. 5. sp = spine, T = tectum, 1 = infratectum, 
F = foot layer. En = endoaperture. 
Plate 7.3. 
1-6. Malva sylvestris LINN. 
1-2. Pollen grains degraded with 2-aminoethanol for 5 hours. 1. Tectal layer completely dissolved. 2. Magni-
fied view of fig. 1, showing free columellae and few spines. 
3-4. Pollen grains degraded with 2-aminoethanol for 10 hours. 3. Ruptured pollen grains with free columellae. 
4. Columellae dissolved to reduce their sizes and few thin spines attached to it. 
5-6. Pollen grains degraded with 2-aminoethanol for 24 hours. 5. Severe alteration on columellae which are 






1 -6. Hibiscus syriacus LINN. 
1-2. Fresh pollen grains 
3-4. Pollen grains partially degraded with 2-aminoethanol for 30 minutes, a little depression is noticed. 
5-6. Pollen grains partially degraded with 2-aminoethanol for 1 hour. Further depressions causing shrinking 
of the grains. 
Plate 7.5. 
1-6. Hibiscus syriacus LINN. 
1-2. Pollen grains partially degraded with 2-aminoethanol for 5 hours. 1. Alteration caused to appear like 
triradiate forms. 2. Magnified view of fig.l, showing shrinking of tectum layer. 
3-4. Pollen grains partially degraded with 2-aminoethanol for 10 hours, showing dissolution of mucilage, 
resulting in the appearance of aperture and partial detachment of some spines from their base. 
5-6. Pollen grains partially degraded with 2-aminoethanol for 24 hours, showing not much alterations than the 
treatment for 10 hours. The granulate interspinal spaces and apertures are clearly visible. 
Discussion and Conclusions 
Treatment with 2-aminoethanol for various durations causes differential alterations 
and deformation of the morphological features in pollen grains of Malvaceae. Its effect 
under certain durations is very specific to different structures which are clearly visible in 
our experiments and results in pollen grains of Hibiscus syriacus and Malva sylvestris. 
These results provide a new concept to the differential behaviour of sporopollenin with 
2-aminoethanol. These data enable us to understand that pollen grains of various species 
of a family constitute specific exinal structural patterns, which may or may not be al-
tered after certain duration of treatment with 2-aminoethanol or other chemicals. In 
earlier stages of the treatment (after 30 minutes and 1 hour) pollen grains of Hibiscus 
syriacus show little alteration, whereas, at this stage almost maximum exinal characters 
are mostly deformed in Malva sylvestris. It shows that different taxa have a peculiar 
resistance system and secondary alterations are limited up to a certain level only. Like-
wise, some characters are severely affected or deformed in pollen grains of Malva 
sylvestris at the first stage of the treatment and at later stages (after 24 hours) almost all 
pollen characters are severly altered. But some pollen grains have resistant features 
which are not easily altered as observed in Hibiscus syriacus. The resistance in these 
pollen grains may be due to the presence of mucilage on the ectexine, which might 
serve as a protecting layer to the tectum and other superficial characters. In other words, 
the mucilaginous coating does not allow 2-aminoethanol to react with sporopollenin. 
SOUTHWORTH ( 1 9 7 4 ) and DENIZOT ( 1 9 7 8 ) also observed differential solubility of 
pollen exine by various chemicals at certain durations, which modify their ultrastruc-
tures. KNOX and HESLOP-HARRISON ( 1 9 6 9 ) opined that the sporopollenin of the pollen 
exhibits differential cytochemical localization of enzymes. Sometimes these enzymes are 
rapidly diffused by various chemicals. The present study (Plate 7.1., fig. 4) also supports 
the view of STANLEY and LINSKENS ( 1 9 6 5 ) and KNOX and HESLOP-HARRISON ( 1 9 6 9 ) 
regarding diffusion of pollen proteins by various chemicals. In our study the fibrillar 
structure is also seen on the pollen grains of Malva sylvestris after 30 minutes of treat-
ment with 2-aminoethanol. The ectexinal. characters of the pollens were rapidly de-
graded and a barren fibrillar skeleton network on the amb is clearly visible, representing 
a character of allergenic pollen (STANLEY and LINSKENS, 1 9 6 5 ) . This phenomenon is 
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very important for understanding the differential behaviour of sporopollenin during 
preservation or fossilization of pollen grains under the influence of various ecological, 
chemical and edaphic factors. 
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